Mutagenesis of the Microcystin Tailoring and Transport Proteins in a Heterologous Cyanotoxin Expression System.
The microcystins are a large group of cyclic peptide hepatotoxins produced by several genera of freshwater cyanobacteria. The genes responsible for microcystin biosynthesis are encoded within a large (∼55 kbp) gene cluster, mcyA-J. The recent establishment of a cyanotoxin heterologous expression system in Escherichia coli has provided the means to study microcystin biosynthesis in a genetically tractable, rapidly growing host. Using this system, we demonstrate that deletion of the ABC-transporter, mcyH, and dehydrogenase, mcyI, abolishes microcystin production, while deletion of the O-methyltransferase, mcyJ, results in the production of the demethylated (DM) toxin [d-Asp3, DMAdda5]microcystin-LR. Both methylated and DM toxin variants were heterologously produced at high titers and efficiently exported into the extracellular medium, enabling easy purification. The results show that the mcy gene cluster can be engineered in E. coli to study the function of its individual components and direct the synthesis of particular microcystin variants. This technology could potentially be applied to other natural products of ecological and biomedical significance.